Range of ultrasounds used in medical imaging is between 2 and 80 MHz. The highest frequencies are applied in medical imaging of an anterior segment of an eyeball. This paper covers the newest method of ultrasound imaging -an ultrabiomicroscopic examination. Its name reflects resolution which has so far been unavailable, and which allows for imaging a structure of the examined tissues. The article includes basic information about the structure and principles of operation of ultrabiomicroscopic examination tools. Moreover, its position among other methods for echographic examination of an eyeball was determined. Examination techniques and the role of standards of conduct at each stage of a diagnostic procedure were discussed. A role of insufficient cooperation between constructors of new ultrasonographic diagnostic tools and software IT specialist with the users of these tools, which results in the lack of consistency between the components of these sets was emphasized. Based on long term experience in ultrabiomicroscopic examinations, the authors shared observations on practical aspects of this method. Finally, indications and contraindications for ultrabiomicroscopic diagnostics were listed. Introduction of an ultrahigh frequency ultrasound probe allowed for the visualization of an post-iridial area of an anterior segment of an eyeball -an area whose diagnosis is impossible with other diagnostic methods. A wide spectrum of diagnostic indications, which covers both diseases and development anomalies of an anterior segment of an eyeball, confirms a special meaning of this method. Recommendations for ultrasound examination in ophthalmology. Part I: Ultrabiomicroscopic examination
An ultrabiomicroscopic examination is a contact, non-invasive method for imaging of tissues in an anterior segment of an eyeball. It is conducted in topical anesthesia with a probe which emits ultrasounds of very high frequency ranging from 35 to 60 MHz (1) (2) (3) . This examination, like an ultrasound examination in presentations A and B, does not cause any medically proven side effects which would be harmful to patient's health (4) . Scientists who contributed most to the development of this imaging method at the turn of 1980s and 1990s, were C.J. Pavlin, M.D. Sherar i F.S. Foster (2) .
A real-time image displayed on the screen is a two-dimensional surface which presents a grey-scale ultrasonographic profile of the examined structures. Each frame from the conducted examination may be analyzed in terms of quality and quantity. Image resolution with an ultrabiomicroscopic probe of 50 MHz frequency is ten times higher (axial resolution/transverse resolution -ca. 25/50 µm) (1) than of an image obtained with a 12 MHz ultrasonographic probe in presentation B. Much higher resolution of the examination is, however, accompanied by its far lower range -for modern probes of 50 MHz, it is only as much as 8-10 mm. Nevertheless, such range on the examination axis, combined with the scanned image width exceeding 12 mm on a transverse axis, allows for imaging the whole anterior segment of an eyeball in one scan. Contrary to electromagnetic waves, ultrasound waves freely penetrate eyeball structures that are opaque for light, which makes imaging liquid, as it is possible in mechanical probes in presentation B.
In sector probes (Fig. 1 A1) , this problem was solved by equipping a diagnostic tool with an immersion chamber (made of silicone or plastic) which was installed in a palpebral fissure of an examined eye and filled with saline solution (a medium which generates images of the highest quality) before the examination (2) . A mobile tip of a probe is immersed in the liquid in an immersion chamber (Fig. 1 A) . Such a solution provides good conduction of ultrasound waves with a simultaneous possibility of a smooth transfer of the image's highest resolution field (which develops in the focus of an acoustic lens) by approaching the probe's head and moving it away from an eyeball. A limitation to this method is the fact that the patient's head must be set horizontally (in a lying or sitting position) during an examination, as well as lack of a possibility to examine circum-limbal areas of sclera, which do not fit an immersion chamber (especially when hard plastic immersion chambers are used). In the recent years, this problem has been solved with ClearScan balloon technology which enables examination in a random location without an open immersion bowl (5) (Fig. 1 C) .
Linear probes are equipped with their own immersion chambers ( Fig. 1 B1) , in which an ultrasound converter moves linearly. When an immersion chamber is filled with distilled water, an open forefront of the probe is closed an anterior segment of an eyeball in post-iridial and subscleral circum-limbal areas possible without obstacles (1) (2) (3) .
Ultrabiomicroscopic imaging of an anterior segment of an eyeball is carried out with mechanical probes. In such heads, an ultrasound beam is produced by a mobile ultrasound converter equipped with an acoustic lens. The converter, located at the front of the probe and moving in one plane, emits ultrasound waves and simultaneously receives wave reflections from various levels of the examined structure, and transforms them in an alternating electric potential. After amplification and a digital analysis, the potential gives an ultrasound image of an examined tissue (1) . The plane of a moving converter determines the plane of an examined image. An acoustic lens in the converter focuses an ultrasound beam and thus determines the distance between the highest imaging resolution and the probe's tip (1) . Based on the trajectory of the converter's movement, there are sector probes (pendulum movements), and linear probes (linear movements).
Air is a poor conductor of ultrasound waves, which makes it necessary to provide environment that conducts ultrasounds well between a moving ultrasound converter and an eyeball surface during the examination. It should be taken into consideration that in this case, due to little penetrability of ultrahigh frequency ultrasounds, it is impossible to use a closed case made of plastic material filled with a
Fig. 1. UBM examination with a sector probe (A) and a linear probe (B). A1. Head of a sector probe. B1. Head of a linear probe (with a frame closing an immersion chamber filled with liquid. C. Examination with a sector probe with ClearScan balloon technique
with a disposable plastic frame covered with thin foil. High stiffness ultrasound gel is applied as a medium between a probe and an eye, which allows for the maintenance of constant contact between a probe and an eye when focusing an image in the examination. Eyelids of an examined eye are stabilized with an eyelid retractor ( Fig. 1 B) .
An important element of the probe is a marker placed at its front; it determines a plane of the ultrasound converter's movement. This marker allows for the direction of an image of a given plane of an ultrasound profile on a screen. In USG examination in presentation B, in all available ultrasound scanners, a marker directs image from an upper edge of the screen. Producers of ultrabiomicroscopes do not follow one scheme and the marker may direct an image both from the left and from the right edge of the screen (3) -such information should be provided in a manual.
During an examination, three basic probe settings are used: an axial setting, a meridional setting ration and a latitudinal setting. In the case of meridional and latitudinal ones, Pavlin et al. suggested a different setting of a marker than the one in presentation B. However, this suggestion was not acknowledged in the proposed schemes of reports on examinations in currently produced ultrasound tools which include presentation A, B and UBM. In the description of UBM examination, only schemes with a marker recommended in presentation B are available, which does not favor compliance with the standard proposed by Pavlin et al. in terms of positioning of a probe's marker during an ultrabiomicroscopic examination.
"Friendly" computer software, which allows for a qualitative and quantitative analysis images obtained in the examination and facilitates report preparation, is crucial for the people in charge of the examinations. Lack of norms which determine "computer tools" in this area results in the fact that every producer equips an ultrasound diagnostic tool in accordance with their own view, with a more or less extended software.
A biomicroscopic examination is a demanding method. An examination field of a few millimeters located nearby a moving ultrasound converter, requires high precision of an examiner. Selection of proper scans when determining a progression of cancerous changes, searching small foreign bodies in the tissues of an anterior segment of an eyeball, or in order to assess the effects of various operating procedures, requires an experienced investigator. Therefore, basic guidelines should be followed. In order to obtain a clear image, a probe should be set in such a way that an axis of emitted waves is maximally perpendicular to the surfaces of the examined intrabulbar structures. Image of the highest resolution is in the focus point of an acoustic lens. Having located the searched structure of an anterior segment of an eyeball, it is possible to increase image resolution in this area by changing the distance between an ultrasound probe's forefront and an eyeball. In an examination with a mechanical probe, an image's plane is created when an ultrasound converter is moving (pendually or linearly). A single movement of the converter equals one frame of a movie which documents the examination. Frequency of converter's movements allows for the acquisition of a smooth enough examination image on the screen. It ought to be remembered that too fast movements of the probe over an examined area, or sudden changes of a setting angle may result in an incorrect record or "losing" fragments of the image of an examined structure. It is also important to maintain stable conditions in repeated examinations of the same patient. Various illumination of an examination field changes pupil's width, which may result in the change of width of an infiltration angle, and shape and size of pathological changes in an iris, due to the changes in iris' surface tension. The easiest method for solving this problem is providing stable artificial illumination during a UBM examination, regardless of the degree of daylight (3) . Sterilization of UBM probes before and between examinations of various patients is another issue. Each producer provides their own sterilization scheme adjusted to the probe's system (with its own immersion chamber and an additional immersion bowl in a set), and to the type of materials of which its components are made. Following the procedure standards during sterilization is crucial due for patients' health and keeping the producer's warranty.
To sum up, such standard procedures are followed during an ultrabiomicroscopic examination: 1) sterilization of equipment; 2) anesthesia; 3) providing a possibility of an undisturbed flow of ultrasounds between a probe's converter and an eyeball's surface -depending on the type of a probe (open, closed); 4) registration of ultrasonographic profiles of the examined structures with the description of their location and orientation; 5) description of the examination. It ought to be emphasized that unlike methods based on electromagnetic wave imaging, one of the basic indications for an ultrabiomicroscopic examination is the assessment of an anterior segment of an eyeball which covers both the space before and behind the iris (1) (2) (3) (Fig. 2 ).
Indications for a UBM examination are:
• diagnostics of corneal, conjunctivitis and eyelid disorders (1, 3, (6) (7) (8) ; • disorders of an anterior segment of sclera (1, 3, 9, 10) ; • disorders and malformations of an iris and a ciliary body (1, 3, (11) (12) (13) (14) ; • tumors in an anterior segment of an eyeball with the assessment of their progression or regression (1, 3, (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) ; • changes in peripheral parts of retina and choroid and an anterior part of a vitreous humor (1, 3, 25, 26) ; • posttraumatic changes in an anterior segment of an eyeball, including intraocular foreign bodies before and after surgery (1, 3, (27) (28) (29) (30) ; • qualification for cataract surgery, assessment of a lens and its hangers system (1, 3, 31, 32) ; • qualification for the implantation of posterior-and anterior-chamber's phakic and pseudophakic lenses with biometric measurements of an anterior segment of an eyeball (1, 3, 33, 34) ; • control over the setting of implemented intraocular lenses (1, 3, (35) (36) (37) (38) ; • glaucoma (1, 3, (39) (40) (41) (42) (43) (44) (45) (46) (47) : -assessment of width and shape of an infiltration angle in differentiation of glaucoma type with quantitative measurements,
-searching for anatomical sources of glaucoma, with a closed infiltration angle, primary and secondary glaucoma, or other causes of intraocular hypertension, -in order to choose a method for conservative or surgical treatment, -assessment of surgical treatment effects:
• laser operations (iridotomy, iridoplasty, suture lysis, goniopuncture, cyclophotocoagulation, capsulotomy with anterior vitreolysis in malignant glaucoma), • fistulous and seton surgical procedures with the assessment of their patency, -searching for causes and a documentation of glaucoma post-surgical complications.
Contraindications for UBM examinations (3) concern the following ophthalmological cases:
• an unclosed and penetrating trauma of an eyeball;
• early post-surgical period;
• infectious inflammatory states of an eyeball surface (a relative contraindication) • lack of patient's cooperation.
